Cell yields of Rhodopseudomonas palustris grown photoheterotrophically in pyruvate-mineral salts medium were increased by the photooxidation of added thiosulfate. However, thiosulfate had no effect on cell yields of cultures grown aerobically in darkness, although thiosulfate was also oxidized. 
toautotrophically while oxidizing reduced inorganic sulfur compounds. In contrast, the Athiorhodaceae exhibit a photoheterotrophic metabolism at the expense of a variety of organic compounds. Van Niel (12) reported that Rhodopseudomonas palustris, a member of the Athiorhodaceae, was unique among the rhodopseudomonads in its ability to oxidize thiosulfate during photoautotrophic growth on bicarbonate. The present study was undertaken to determine the conditions under which thiosulfate is metabolized by R. palustris and the physiological consequence of thiosulfate oxidation on heterotrophic growth. Organisms. R. palustris ATCC 11168 was obtained from the American Type Culture Collection, and the Foster strain was from S. Hutner. The strain of Rhodospirillum rubrum was S 1. Unless otherwise indicated, the ATCC strain 11168 of R. palustris was used.
Growth conditions. R. palustris and R. rubrum were grown in Hutner's medium as modified by CohenBazire et al. (1) , with the addition of 4.0 Ag of p-aminobenzoate per liter (4) and the deletion of the Casamino Acids. The sodium salts of pyruvic, lactic, formic, malic, fumaric, succinic, benzoic, or 2-oxoglutaric acid were used for photoheterotrophic growth, and ammonium bicarbonate was the carbon source for photoautotrophic growth. The nitrogen source was 0.02 M ammonium chloride. Thiosulfate was added to the various media in many experiments, as described in the text. Ammonium bicarbonate and sodium pyruvate solutions were sterilized by filtration and added after the rest of the medium was autoclaved.
Photosynthetic growth studies were performed in tightly capped 16-oz (454-ml) bottles which were completely filled with medium after inoculation. Cells were grown photosynthetically under illumination of 2,000 ft-c in a water bath at 30 C. In one experiment cells were grown aerobically by being shaken in the dark in 200 (Tables 1 and 2 ). The increased photoheterotrophic cell yield, as estimated by optical density at 680 mp,, was correlated with two independent measurements of cell yields: dry-weight determinations and total cell counts which were determined by use of a Coulter counter ( Table 1) .
The presence of thiosulfate caused no increase in cell yield when cultures were grown aerobically in the dark, although more thiosulfate was oxidized during aerobic growth in the dark than during photosynthetic growth ( Table 2 ). In all these growth experiments pyruvate was completely utilized by cells grown either with or without thiosulfate. (Fig. 1) .
The addition of thiosulfate to growth media containing a variety of carbon substrates increased the photosynthetic growth yields of R. palustris (Table 3 ). The concentration of carbon substrates was kept at 0.005 M to insure their complete utilization. R. rubrum, which did not metabolize thiosulfate, was grown in similar media as a control. The data in Table 3 show that, for substrates of the same carbon number, the photosynthetic cell yields of R. palustris and R. rubrum increased as the reduction level of the carbon substrate increased. With the addition of thiosulfate to the various media, the cell yields of R. palustris increased, but those of R. rubrum were not affected. The difference between cell yields of R. rubrum and R. palustris (with thiosulfate) on several substrates may reflect the differences in the intermediary photometabolism of these organic acids. (Fig. 2) . Cells grown in thiosulfate-free medium could be induced to utilize thiosulfate by resuspending these cells with thiosulfate, ammonium chloride, and either ammonium bicarbonate or sodium pyruvate as a carbon source (Fig. 3) accumulation started between 6 and 8 hr after thiosulfate disappearance began (Fig. 3) . Cell suspensions harvested from photosynthetic growth in pyruvate-thiosulfate medium exhibited a fourfold increase in rate of 02 uptake when thiosulfate was added to illuminated cells. Cells were illuminated to reduce the amount of endogenous metabolism exhibited by cells harvested from pyruvate medium and incubated under aerobic conditions in the dark (6) . Addition of thiosulfate had no effect on the rate of 02 uptake by cell suspensions harvested from thiosulfate-free medium. These data indicated that the presence of thiosulfate in the growth medium, or the addition of thiosulfate to suspensions of cells grown in thiosulfate-free media, induced in R. palustris the formation of a thiosulfate-oxidizing system.
Effect of thiosulfate on metabolism ofpyruvate-1-14C and on carbon dioxide fixation. Morita (6) showed that during the photometabolism of pyruvate by R. palustris one-half of the radioactive Table 5 show that cells incubated without thiosulfate assimilated only one-half the available radioactive carbon from pyruvate-1-"4C, thus confirming the results of Morita (6) . In contrast, the cells which were supplied with thiosulfate photoassimilated most of the available radioactive carbon from pyruvate-
The effect of thiosulfate on the ability of R. palustr is to fix carbon dioxide was determined by growing cells photoautotrophically or photoheterotrophically with fumarate as a carbon source in thiosulfate-containing or thiosulfatefree media. The data in Table 6 show that cells harvested, after growth under either photoautotropic conditions or under photoheterotrophic conditions in thiosulfate-containing fumarate medium, fixed carbon dioxide at an 8-to 10-fold greater rate than either cells grown in thiosulfate- (8) .
A possible reason for the increase in photoheterotrophic cell yield of R. palustris grown in the presence of thiosulfate is found in considering the pathway of organic carbon assimilation during photosynthesis in the Athiorhodaceae. Stanier et al. (9) showed that in bacterial photosynthesis organic substrates are converted into readily assimilable sources of carbon for the cell. Members of the Athiorhodaceae, e.g., R. rubrum (2) and R. palustris (7), photoassimilate many organic substrates by first converting them into acids which then enter the tricarboxylic acid cycle. (2) showed that the reduced nicotinamide adenine dinucleotide generated by-R. rubrum during photoassimilation of succinate was utilized to fix carbon dioxide evolved during the process of conversion of succinate into phosphoenol-pyruvate. It is probable that the reducing power derived from the photometabolism of organic substrates by photosynthetic bacteria circumvents much of the loss of carbon dioxide during assimilation of organic acids by serving as a reductant for the refixing of evolved carbon dioxide.
Evolution of "CO2 during the photoassimilation of pyruvate-1-14C by R. palustris is suppressed almost completely by the addition of thiosulfate to cell suspensions (Table 5) , thus suggesting a similarity between the effect of thiosulfate and the effect of reduced acids on the photoassimilation of carbon from the carboxyl group of pyruvate. Although not rigorously proven in this investigation, the fixation of evolved carbon dioxide is favored as the means of increasing the photoheterotrophic cell yields of R. palustris in the presence of thiosulfate for the following three reasons: first, the addition of thiosulfate to pyruvate medium allowed incorporation of large amounts of supplemental bicarbonate carbon into cellular material during growth under photo ynthetic conditions (Table 4) ; second, cultures failed to show an increase in cell yield on pyruvate-thiosulfate medium when grown under aerobic conditions in the dark (Table 2 ), the same conditions under which R. palustris did not grow autotrophically in bicarbonate-thiosulfate medium; third, the presence of thiosulfate in the growth media increased greatly the ability of illuminated cell suspensions to fix carbon dioxide ( 
